Abstract: Psoriasis is a common skin disease, with nail involvement in approximately 80% of patients. Nail psoriasis is often associated with psoriatic arthropathy. Involvement of the nails does not always have relationship with the type, gravity, extension, or duration of skin psoriasis. Nail psoriasis can occur at any age and all parts of the nails and the surrounding structures can be affected. Two clinical patterns of nail manifestations have been seen due to psoriasis: nail matrix involvement or nail bed involvement. In the first case, irregular and deep pitting, red spots of the lunula, crumbling, and leukonychia are seen; in the second case, salmon patches, onycholysis with erythematous border, subungual hyperkeratosis, and splinter hemorrhages are observed. These clinical features are more visible in fingernails than in toenails, where nail abnormalities are not diagnostic and are usually clinically indis tinguishable from other conditions, especially onychomycosis. Nail psoriasis causes, above all, psychosocial and aesthetic problems, but many patients often complain about functional damage. Diagnosis of nail psoriasis is clinical and histopathology is necessary only in selected cases. Nail psoriasis has an unpredictable course but, in most cases, the disease is chronic and complete remissions are uncommon. Sun exposure does not usually improve and may even worsen nail psoriasis. There are no curative treatments. Treatment of nail psoriasis includes different types of medications, from topical therapy to systemic therapy, according to the sever ity and extension of the disease. Moreover, we should not underestimate the use of biological agents and new therapy with lasers or iontophoresis. This review offers an investigation of the different treatment options for nail psoriasis and the optimal management of nail disease in patients with psoriasis.
Introduction
Psoriasis is a chronic and recurrent inflammatory skin disease with nail involvement observed in approximately 80% of patients. Nail psoriasis may also occur as the only manifestation of the disease.
1,2 Nail psoriasis can appear at any age and all nails can be affected. The nail matrix or nail bed can be involved in the disease. Nail psoriasis causes, above all, psychosocial and aesthetic problems, leading to significant reper cussions in the quality of life, but many patients often also complain about functional damage. 3 Cosmetic and functional damage, referred by 93% of patients with nail psoriasis, is sometimes so extensive that the patients tend to hide their hands and/or feet or shy away from social and business activities. 4 The treatment of nail psoriasis involves different types of medications, from topical therapy to systemic therapy, according to the severity and extension of the disease.
A standardized therapy does not exist, and the therapeutic choice is based on clinical manifestations and symptoms of the patient. Once the diagnosis has been defined, the severity of the disease should be assessed with a validated score, to decide the best treatment.
Clinical manifestations
Clinical manifestations of nail psoriasis depend on the nail site that is affected: the nail matrix, the nail bed, the proximal nail fold, or the hyponychium. 5 It is possible to observe an isolated involvement of a few fingers or lesions of all nails on both hands and feet.
The severity of nail psoriasis depends largely on the nail part affected by the inflammatory reaction. The most severe changes are observed when the disease affects the nail matrix, a germinative epithelium that produces the nail plate. When the matrix is affected, psoriasis signs are pit ting, leukonychia, lunula red spots, and nail plate crumbling ( Figure 1 ). The nail bed is responsible for the adhesion of the nail plate; it is richly vascularized by capillaries oriented longitudinally in parallel ridges. Alterations of the nail bed due to nail psoriasis include onycholysis, subungual hyperk eratosis, oil drop or salmon spots, dyschromias, and splinter hemorrhages ( Figure 2) .
The most common sign of nail psoriasis is pitting, which is a focal defect of keratinization of the proximal matrix, with persistence of groups of nucleated and incompletely keratinized (parakeratotic) cells within the upper layers in the dorsal nail plate. These clusters poorly adhere to each other and are easily detachable, leaving pits on the surface of the nail plate. The term pitting describes the presence of small depressions on the nail plate surface 6 ( Figure 3 ). Psoriatic pits are usually large and deep, with irregular and uneven shape and distribution; they may be covered by whitish, easily detachable scales. The fingernails are more often affected than the toenails. Pits may be the only manifestation of nail psoriasis or they may be associated with other signs.
Another possible sign of nail matrix psoriasis is the pres ence of red spots in the lunula (mottled lunula), a nonspecific sign that can also be due to nail lichen planus and eczema.
Severe nail matrix involvement induces nail plate crum bling, with a fragile and grossly deformed nail plate.
Onycholysis surrounded by an erythematous border is typical of nail bed psoriasis. Onycholysis is the detachment of the nail plate from the nail bed. In psoriasis, the onycholytic area is typically separated from the normal nail plate by an erythematous border 6 ( Figure 4 ). Subungual hyperkeratosis describes the accumulation of scales under the distal portion of the nail plate, with nail thick ening and uplifting. It most frequently involves the toenails. Splinter hemorrhages appear as longitudinal linear red-brown areas of hemorrhage, often seen in fingernails and located in the distal portion of the nail plate. They are a consequence of 
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Treatment of nail psoriasis psoriatic involvement of the nail bed capillary vessels that run in a longitudinal direction along the nail bed dermal ridges. They are not specific of the disease.
Dyschromias of the nail are also frequent in nail pso riasis and the most typical signs are the 'oil drop sign' or salmon patches, which appear as irregular areas of yelloworange discoloration easily visible through the transparent nail plate.
7
Diagnosis
The diagnosis of nail psoriasis is usually based on clinical manifestations. As the clinical features of nail psoriasis are not exclusive for the disease, clinical differentiation between other conditions, such as onychomycosis, can be difficult. The nail discoloration and subungual hyper keratosis observed in nail psoriasis may also be present in onychomycosis. The use of dermoscopy, a noninvasive tool, can be useful in differen tial diagnosis: in nail psoriasis, it shows onycholysis with erythematous border (Figure 4 ), represented by a reddishorange stain surrounding the onycholytic area; whereas in onychomycosis, it shows a jagged proximal edge with spikes of onycholysis and longitudinal striae. 8, 9 Onychomycosis and psoriasis may also be present in the same nail. 10 Another dermoscopic sign of nail psoriasis is the presence of vascular abnormalities in the hyponichium, where the capillaries are visible, dilated, tortuous, elongated, and irregularly distri buted ( Figure 5 ). The capillary density is correlated with the severity of the nail condition and improves with response to therapy. 11 Periungual capillaroscopy may be a useful diagnostic tool for detecting nail psoriasis, where it shows a decreased capillary density in the periungual area and the presence of coiled capillary loops. 12 Nail biopsy maybe necessary in selected cases. Matrix or nail bed biopsy is performed based on the clinical manifesta tion of nail psoriasis. Hanno et al 13 identified some criteria for pathological diagnosis of nail psoriasis: presence of neutrophils in nail bed epithelium as the major criterion; and hyperkeratosis with parakeratosis, exudates on corneal epi thelium, focal hypogranulosis, and psoriasiform hyperplasia as minor criteria. It is important to perform periodic acidSchiff staining for differential diagnosis between psoriasis and onychomycosis. 14 Recently, new diagnostic techniques have been suggested. Ultrasonography of the psoriatic nails shows hyperechoic parts or loss of definition of the nail plates, which can involve only the ventral part or the whole nail. The nail bed is thick ened and shows an increased blood flow with power Doppler technique. 15 Optical coherence tomography provides images of tissue pathology in situ. In nail psoriasis, this technique shows a grossly irregular ventral nail plate irregularly fused with the underlying epidermis. 16 Another new technique is confocal laser scanning microscopy, which can visualize, in a noninvasive manner, cell structures of the skin up to a depth of 300 µm in vivo. This tool allows one to measure in a better way the thickness and the different layers of nail plate and gives better information on the microscopic structures than ultrasonography and optical coherence tomography. 17 The most difficult differential diagnosis of nail psoriasis is onychomycosis, which may produce nail changes very similar to nail bed psoriasis. Another important disease to distinguish is nail lichen planus, which can be distinguished by absence of 
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Piraccini and Starace pitting and presence of longitudinal fissuring and, sometimes, dorsal pterygium. Pits are not exclusive to psoriasis; they can also be seen in alopecia areata and eczema. 2 Nail pitting of alopecia areata is usually differentiated from that of nail psoriasis by the regular pattern of the depressions, which are superficial and geometrically distributed.
Assessment of psoriatic nail disease
There are many different scores specifically developed to assess the severity and to evaluate the courses of both disease and therapy in nail psoriasis. The only validated method to diagnose nail psoriasis is the NAPSI (Nail Pso riasis Severity Index), which is the most commonly used worldwide.
The NAPSI divides the affected nail into four quad rants, investigating each part for the presence of typical lesions. It exams both nail matrix (pitting, leukonychia, red spots of the lunula, and crumbling) and bed (oil drop patches, onycholysis, hyper keratosis, and splinter hemor rhage). A value ranging from 0 to 8 is added for each nail affected; so the maximum score for each hand or foot is 0-160. The higher the NAPSI score, the worse is the nail involvement. 18 Nail psoriasis causes both physical and psychological discomfort, and this is not included in the NAPSI score. In 2010, Ortonne et al 19 therefore devised the NPQ10 (Nail Psoriasis Quality of Life Scale) to evaluate the impact of nail psoriasis on quality of life. This questionnaire is a valid and reproducible method based on ten specific questions that investigate the impact of nail psoriasis on life. The questionnaire was administered to 1,309 patients and the results showed that nail psoriasis is evaluated as unsightly in 87% of patients and painful in 59% of patients. 19 Klaassen et al 20 showed that nail psoriasis can have devastating effects on quality of life, especially in female patients, in patients with associated psoriatic arthritis, and more particularly, in those with severe nail psoriasis. The NPQ10 highlighted the daily restrictions of patients with nail psoriasis, especially in patients with major chronic diseases such as cardiovas cular disease, diabetes mellitus, and depression. Using this questionnaire was useful to individualize treatment strategies for each patient. 20 The newest and internationally validated method of measuring the severity of nail psoriasis is the NAPPA (Nail Assessment in Psoriasis and Psoriatic Arthritis) score. This score evaluates both the quality of life and the therapeutic course of the disease. 21 The NAPPA has been used in clinical studies as well as in routine care.
Treatment of nail psoriasis
The choice of treatment for nail psoriasis is a dilemma to the dermatologist for various reasons. To ensure that each patient receives the right treatment, it is necessary to evalu ate many factors, such as the severity of the nail condition, the extension of the clinical manifestations on the skin, the joint involvement, and the previous response to therapeutic treatment. Often, patients have already been visited by other specialists without attaining good results and the impact on quality of life is very high. Sometimes, treatment failure occurs for various reasons that do not depend on the patient or dermatologist.
The nail has an anatomical structure that does not allow the absorption of topical medications at the level of the nail plate and this is amplified in nail psoriasis due to the presence of subungual hyperkeratosis. Nail psoriasis rarely responds to topical treatment and is often aggravated by exposure to the sun. The degree of penetration of topical medications is crucial. Furthermore, nail growth is very slow and therefore requires longterm treatment that may decrease patient com pliance and increase the risk of drug toxicity. For this reason, the use of systemic drugs is recommended in cases of skin or joint involvement or in cases of severe nail psoriasis with poor therapeutic response to topical drugs.
Unfortunately, there is no standardized treatment regimen for the treatment of nail psoriasis and the choice of therapy depends on several factors, including the patient's history and clinical manifestations such as sex, age, severity of nail pso riasis, the disease's course over time, concomitant diseases and medications, and the benefits and risks of treatment.
Treatment options for nail psoriasis are summarized in Table 1 .
Before starting treatment for nail psoriasis, it is necessary to consider various factors that are often underestimated. First of all, we must teach patients to keep nails short and cut off the onycholytic area so that topical therapies penetrate more and the exogenous material does not accumulate. Trauma should be avoided, so that the clinical manifestations do not deteriorate due to the Koebner phenomenon. For example, removal of the sub ungual material with sharp objects worsens the onycholysis.
Topical therapies
Topical treatments are often the first choice, but their effectiveness is limited to nail bed psoriasis; they are not effective on nail matrix psoriasis because they do not penetrate the nail plate and proximal nail fold. Topical treat ments are formulated using different vehicles, including lacquer, creams, ointments, and tinctures, and may be applied 
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Treatment of nail psoriasis the efficacy of clobetasol in nail lacquer at concentrations of 0.5%, 1.0%, and 8.0%. The formulation containing 8% clobetasol17propionate in colorless nail lacquer showed good clinical results and proved cosmetically highly accept able for the treatment of nail bed and matrix psoriasis without joint involvement. 24 The side effects of corticosteroids, espe cially under occlusion and when applied for long periods, are skin atrophy and, rarely, if prolonged for more than a year, the atrophy of the underlying phalanx known as "disappearing digit", 25, 26 formation of striae and telangiectasia, tachyphy laxis, and systemic absorption. 6 
vitamin D3 analogues
The efficacy of topical calcipotriol in nail psoriasis was com pared with that of the highpotency corticosteroids. In an open study, 62 patients were treated with topical calcipotriol once daily 5 days a week, as well as with clobetasol propionate (0.05%) cream twice a week, for a total of 6 months. The authors reported a reduction of hyperkeratosis by 35.2% in fingernails and 72.3% in the toenails. 22 In a controlled doubleblind study of 58 patients for a period of 6 months, the authors demonstrated that twice a day of calcipotriol ointment had a similar efficacy as betamethasone dipropionate (0.05%) in treating subungual hyperkeratosis after 3-9 months. 23 The use of calcipotriol is preferred to avoid the side effects such as atrophy caused by steroids, but vitamin D3 analogues may cause erythema, peri ungual irritation, and burning sensation at the site of application and should never be applied under occlusion. After stopping therapy, the patient's nail condition generally worsens again.
Tazarotene
Tazarotene is a topical retinoid with already proven effective ness in onycholysis, discoloration, pitting, and hyperkeratosis. It is used in gel or cream form for a period of 12-24 weeks. In 2007, Rigopoulos et al 27 demonstrated a similar efficacy of tazarotene (0.1%) cream and clobetasol propionate (0.05%) cream treatment in a doubleblind study involving 46 patients for 12 weeks. 27 The drug may cause local irritation. Other topical treatments that have been shown to be effec tive against nail psoriasis include tacrolimus, 5fluorouracil, cyclosporin A, and anthralin.
Combination therapies
The use of combined local therapies has been demonstrated to produce better results in nail psoriasis. A combination of corticosteroids and vitamin D3 analogues shows better efficacy both on the clinical manifestations and on the symp toms reported by patients in nail bed psoriasis. Moreover, the on the nail plate or massaged into the nail bed and hypony chium or utilized under occlusion in order to increase their effect. Corticosteroids and vitamin D3 analogues are the first choice of treatment for nail bed psoriasis. Other local thera pies used in nail psoriasis are 5fluorouracil, cyclosporin A tazarotene, anthralin, and urea. Topical therapy is effective in nail bed psoriasis for the remedial action on onycholysis and subungual hyperkeratosis.
Corticosteroids
Potent or very potent corticosteroids are the most effective drugs in nail psoriasis, the most common being clobetasol propionate (0.05%) 22 and betamethasone dipropionate (0.05%). 23 They can be used once or twice daily. Recently, a pilot study 24 
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Piraccini and Starace effectiveness of corticosteroids can be enhanced in combi nation with keratolytic creams, such as topical retinoids or vitamin D3 analogues, allowing greater penetration. Finally, the combination of tazarotene with corticosteroids may help in reducing local irritation and thus enhance its effectiveness.
intralesional therapies
Intralesional therapy is the injection of small doses of the drug directly into or near the specific structure of the nail unit: nail bed or nail matrix. The drug most frequently used in nail psoriasis is triamcinolone acetonide with a dose ranging from 2.5 mg/mL to 10 mg/mL. There are many methods to inject drugs with different types of needles or with DermoJet syringes. Doses, concentrations, and frequency of injections have not yet been standardized. The most important side effect is pain at the injection site, but this may be reduced with the use of ice or ethyl chloride spray.
Another drug recently used in the treatment of nail pso riasis is intralesional methotrexate. It was used at a dose of 2.5 mg in a single finger of a patient with severe nail psoriasis at the level of the proximal nail fold, once a week for 6 weeks. During the 4month followup, there was evidence of an improvement in pitting and subungual hyperkeratosis, and the results were maintained after 2 years. The only side effect reported was pain, but this is still defined as tolerable. 28 
Phototherapy, radiotherapy
Phototherapy (ultraviolet B, ultraviolet A [UVA], or psoralen with UVA (PUVA)) is a therapeutic option widely used in skin psoriasis, but it has never found support in nail psoria sis because the rays have a low ability to penetrate the nail plate. Phototherapy requires multiple sessions each week and a therapeutic effect is evident only after a long period. Published studies are not recent and showed an improve ment only at the level of the proximal nail fold with the use of PUVA therapy, while no effect was reported with UVB therapy. A recent study proved the ability of penetration of UV lights in normal human cadaveric fingernails and sug gested that PUVA could be considered a possible treatment in nail psoriasis, 29 although clinical studies are needed. Radiation therapy in nail psoriasis has been described in a few recent studies. Superficial radiotherapy induced a significant reduction in nail thickness in a doubleblind study, 30, 31 while, more recently, a prospective study of electron beam therapy showed improvement in 9 of 12 patients with nail psoriasis and without joint involvement after 8 weeks of therapy, but the results were lost after 12 months of followup. 32 However, in addition to the side effects of radiation therapy, such as fibrosis, inflammation, and local pigmentation, there is also the potential risk of carcinogenesis.
Laser therapies
Most studies on lasers for nail psoriasis were performed with the pulseddye laser (PDL), which specifically targets blood vessels. The most frequently chosen wavelengths for PDL therapeutic use are 585 nm and 595 nm, which can effectively reach the nail bed through the nail plate. Most recently, PDL has been investigated in nail psoriasis. Four recent studies used PDL for nail psoriasis. The first study compared the efficacy of photodynamic therapy (PDT) and PDL in the therapy of nail psoriasis and compared treat ment responses of lesions of the nail matrix versus those of the nail bed in a comparative pilot study of 14 patients.
Results showed a reduction in NAPSI score in both treat ment groups for both types of nail psoriasis without statisti cal differences between PDT and PDL. 33 The second study evaluated the effect of PDL in nail psoriasis and showed an improvement on onycholysis and subungual hyperkeratosis in five patients. 34 The third study compared, in 20 patients, the efficacy and safety of different types of lasers to deter mine the optimal pulse duration of PDL in nail psoriasis in a randomized, doubleblind, intrapatient lefttoright study and showed no significant difference between the groups. 35 The last study evaluated the efficacy and safety of PDL with topical retinoid in nail psoriasis of 25 patients and showed a marked improvement in the experimental group versus the control group in a singleblind, intrapatient lefttoright controlled study. 36 These studies suggest that PDL may be clinically useful in treating lesions caused by nail matrix and bed psoriasis, but more randomized controlled trials are still needed to standardize PDL in nail psoriasis. Recently, a new single lefttoright comparison study, in 42 patients, compared excimer laser versus PDL and showed that PDL has a good response for treating nail psoriasis, with minimal side effects, while excimer laser is conversely more effective for plaque psoriasis than is PDL. 37 
Systemic therapies
Systemic therapy is recommended in patients with skin psoriasis or joint involvement but not for those with only nail manifestations. On account of the possible systemic toxicity, the European Consensus recommends the use of systemic therapy only in cases of moderatetosevere nail psoriasis or when topical therapy, intralesional therapy, or phototherapy has failed. 
31
Treatment of nail psoriasis Systemic therapy used in nail psoriasis comprises immu nosuppressant drugs such as methotrexate, cyclosporin A, and retinoids.
Methotrexate is one of the most important immunosup pressive drugs used in inflammatory diseases. The use of methotrexate in nail psoriasis is less studied than its use in skin psoriasis, and its effectiveness is not significantly dif ferent from that of other drugs. Methotrexate at low doses (5 mg/week) has been used in a patient with severe 20nail psoriasis with success in both the fingernails and toenails, which were cured after 9 months and 13 months of therapy, respectively. 38 The dosage of methotrexate varies from 5 mg/week to 15 mg/week, and the recommended dose should not exceed 22.5 mg/week. The effectiveness is evident after about 4-6 weeks of therapy. A recent study showed a reduc tion from 36.8% to 43.3% after 24-52 weeks of therapy and showed a better response in nail matrix psoriasis. 39 Possible side effects include liver and kidney toxicity and bone mar row suppression.
Data on the use of cyclosporin A in nail psoriasis are sparse. In a small, uncontrolled study of 16 patients with nail psoriasis and without joint involvement, where cyclosporin A was administered at a dose of 3 mg/kg of body weight, 14 of 16 patients improved, including 10 show ing significant improvement and two cured completely. 40 Another comparative singleblind study of 54 patients compared the effectiveness of cyclosporin A alone with a combination of cyclosporin A at a dose of 3.5-4.5 mg/ kg/day and topical calcipotriol (50 µg/kg twice daily) for 3 months. Results showed an improvement in nail psoria sis of 79% in the combination group and 48% in patients receiving cyclosporin A alone. Furthermore, the relapses after 6 months were less in the combined group. 41 In a ret rospective evaluation, cyclosporin A was found to improve the NAPSI score after 12, 24, and 48 weeks by 40%, 72%, and 89%, respectively. 42 Acitretin is a derivative of vitamin A used success fully in the treatment of pustular psoriasis. Therapeutic response is observed after 4-8 weeks ( Figure 6A and B ). An open study involving 36 patients with moderateto severe nail psoriasis with lowdose acitretin (0.2-0.3 mg/ kg/day) showed an improvement of the NAPSI score in 40.9% patients and a complete healing in 25% patients after 6 months of therapy. 43 On the contrary, a Brazilian open study conducted on 20 patients did not show any improvement after 4 months of therapy. 44 Side effects are dryness of skin and mucous membranes, hypertriglyceri demia, and hepatitis.
Biologics
New treatments for nail psoriasis include biological therapies, which have already been proven effective in skin psoriasis and show interesting results in nail psoriasis. Biologics showed a high efficacy in the treatment of nail psoriasis and a higher response when compared to classical therapy, improving both signs and symptoms of severe nail psoriasis. No biological agent showed greater efficacy compared with another agent.
The most studied drug is infliximab, a chimeric monoclonal antibody that blocks tumor necrosis fac tor (TNF)α. A phase III multicenter, doubleblind, placebo controlled study evaluated the safety and efficacy of longterm infliximab treatment in 378 patients with moderatetosevere plaque psoriasis. The second end point of the study was an improvement of nail manifestations. The percentage of improvement in NAPSI was 28.9% after 12 weeks and 51% after 54 weeks of therapy. A complete cure was reported in 30% of patients. 45 Another antagonist of the TNFα receptor is adalimumab. van den Bosch et al 46 showed an improvement in NAPSI score of 
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Piraccini and Starace 65% after 20 weeks of therapy with adalimumab 40 mg/week in an openlabel uncontrolled study in 442 patients with psoriatic arthritis. Recently, a subanalysis of the effects on scalp and nails of adalimumab in severe psoriasis showed a 39.5% reduction of the NAPSI score after 16 weeks of treatment. 47 In an openlabel, randomized trial (CRYSTAL) of 711 patients, wherein 80% had nail involvement, etanercept showed a 51% reduction of NAPSI score after 54 weeks of therapy. 48 Golimumab is a human monoclonal antibody. A study on arthropathic psoriasis showed a 33% reduction in the NAPSI score after 24 weeks. 49 The biologic drug most recently used is ustekinumab, an interleukin12/23 receptor inhibitor, which has shown good efficacy in nail psoriasis. 50 Recently, the efficacy of ustekinumab in nail psoriasis was evaluated in an openlabel study (PHOENIX 1), in 766 patients with moderatetosevere psoriasis, where 71% presented nail disease. At week 24 of therapy, the rate of improvement in NAPSI score was 46.5%. Ustekinumab showed excellent results in nail psoriasis and the improvement continued until after 1 year of treatment with the maintenance dose. 51 The debate is still open as to whether biologics, with their wellknown side effects, are indicated for use in isolated nail psoriasis, where skin and joints have no symptoms.
Conclusion
Despite the pain and the functional and aesthetic discomfort, nail psoriasis is still a poorly studied disease. The evaluation of nail involvement is important for assessing the severity of psoriasis as it is an index of possible joint involvement, which may require a more substantial treatment. In cases of nail psoriasis, the clinical manifestations should first be observed in order to make a correct diagnosis and then to establish an appropriate treatment. Initially, local therapy may be useful, but in cases of cutaneous or joint involvement, systemic therapy is necessary with conventional or biological agents.
A 2013 Cochrane report on interventions in nail pso riasis assessed evidence for the efficacy and safety of treat ments for the disease. They included 18 studies involving 1,226 patients and concluded that infliximab, golimumab, superficial radiotherapy, and electron beam brought about significant nail improvement compared to other treatments. However, the report also comments: "it was not possible to pool and compare the results because the studies were all so different". 52 In conclusion, psoriasis is a chronic and relapsing disease that needs further investigation to choose the best treatment for each individual patient.
